Effect of calcium phosphate ceramic substrate geometry on mesenchymal stromal cell organization and osteogenic differentiation.
The composition of calcium phosphate (CaP) ceramics in combination with surface features have been shown to influence biological performance, and micro- and nano-scale topography is known to stimulate osteogenic differentiation of mesenchymal stromal cells (MSCs). In view of this, adipose tissue derived MSCs were cultured on CaP disks featuring hemispherical concavities of various sizes (440, 800 or 1800 μm diameter). It was hypothesized that (i) surface concavities would promote cell proliferation, cellular organization within the concavities, and osteogenic differentiation, as a result of a more pronounced 3D micro-environment and CaP nucleation in concavities, and (ii) MSC proliferation and osteogenic differentiation would increase with smaller concavity size due to more rapidly occurring 3D cell-cell interactions. We found that concavities indeed affect cell proliferation, with 440 μm concavities increasing cell proliferation to a larger extent compared to 800 and 1800 μm concavities as well as planar surfaces. Additionally, concavity size influenced 3D cellular organization within the concavity volume. Interestingly, concavity size promoted osteogenic differentiation of cells, as evidenced by increased osteocalcin gene expression in 440 μm concavities, and osteocalcin staining predominantly for 440 and 800 μm concavities, but not for 1800 μm concavities and only slightly for planar surface controls.